Abstract
to increase SOC stocks is nitrogen (N) fertilisation, however examples of positive, negative or null SOC effects in response to N addition exist. We evaluated the relative importance of 
36
Regression tree analyses demonstrated that the greatest gains in 13 C humus occurred in soils 37 of relatively low total organic C, dissolved organic C and microbial biomass C (MBC), or 38 with a combination of relatively high MBC and low C:N ratio. The greatest losses in 13 C
Introduction
extractable iron (Fe) and aluminium (Al) were measured (Rayment and Lyons, 2010) and the abundance of a range of soil metals was also measured by lithium metaborate fusion with a
145
Katanax K2 (SPEX Sample Prep, Metuchen, NJ, USA). Soil labile dissolved organic C
146
(DOC) and heat-extracted C (HEC) were also measured (Sparling et al., 1998) . Microbial 147 biomass C (MBC) was estimated with the chloroform fumigation and extraction method 148 (Vance et al., 1987) . The production of the 13 C-pulse labelled buffel grass, wheat and lucerne 149 has been described by Finn et al. (2015) , as well as the analysis of the plant materials for C, Table 2 . 
Soil incubations

155
The soil incubations have been described by Finn et al. (2015) . Briefly, Soil (150 g oven dry equivalent mass) and plant material (excepting controls) were 166 thoroughly mixed and wet up in a shallow tray using a spray bottle containing either deionised water or a urea-N solution until the soil reached field capacity before transferring to 168 a 250 mL plastic container. Field capacity was determined using the container capacity 169 method, which is equivalent to 55 -75% water-filled pore space (Cassel and Nielsen, 1986) .
170
The plastic containers containing the soils were placed in 1. Manchester, UK) after the fractions were ground to a particle diameter size of < 100 µm. 
Calculation of Δy-HOC (%)
All statistical analyses were performed in R v 3. 
Boosted regression analysis of Δy-HOC (%)
215
A gradient boosted machine (gbm) was used to model the effect of explanatory variables 216 listed in Table 3 on the Δy-HOC (%) (Natekin and Knoll, 2013; Ridgeway, 2015 TN (18.9 ± 1.9), peak MBC (5.9 ± 1.3 %) and total C:N ratio (5.8 ± 0.8 %). Interaction B
Boosted regression analysis of Δy-HOC (%)
274
could almost be fully explained by DOC (41.9 ± 1.5 %), TOC (18.9 ± 2.2 %), peak MBC (8.4
275 ± 1.7 %) and sand (6.5 ± 1.8 %). Finally, the key variables involved in Interaction C were 276 peak MBC (17.6 ± 1.3 %), sand (14.1 ± 2.4 %), TOC (13.8 ± 1.7 %) and total C:N ratio ( 
Discussion
Ecological stoichiometry primarily explained Δy-HOC (%)
In this study we were interested in identifying the key variables that explained change in were Hamilton soils ( universal response to urea-N addition in the four soils considered here (Table 4 , P = 0.33).
398
The ANOVA, gbm and regression tree analyses all support a soil x urea-N effect (Table 4 
The importance of plant and other soil physico-chemical variables on Δy-HOC (%)
408
In regard to other plant and soil variables considered in this study, it was particularly and O-aryl C in the three plant species utilised (Table 2) , high lignin abundance is unlikely.
416
Thus, the most important plant molecular structural variables for describing Δy-HOC (%)
417
were associated with labile OC, with greater losses in Δy-HOC (%) observed in alkyl and 418 methoxyl-rich lucerne treatments.
419
The relative influence of soil metals and texture was also investigated. Soil metal content was Fog, K., 1988. The effect of added nitrogen on the rate of decomposition of organic matter.
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Frey, S., Ollinger, S., Nadelhoffer, K., Bowden, R., Brzostek, E., Burton, A., Caldwell, B.,
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Crow, S., Goodale, C., Grandy, A., Finzi, A., Kramer, M., Lajtha, K., LeMoine, J., 
688
Error bars represent the standard deviation of 1000 replicates of the gbm. 12.9 ± 1.2 12.3 ± 0.1 15.9 ± 0.9 44.5 ± 0.3 Buffel grass + N 12.9 ± 1.2 12.3 ± 0.1 15.9 ± 0.9 44.5 ± 0.3 Wheat 11.8 ± 0.1 14.6 ± 1.6 14.8 ± 0.1 45.1 ± 1.3 Wheat + N 11.8 ± 0.1 14.6 ± 1.6 14.8 ± 0.1 44.9 ± 1 Lucerne 12.1 ± 0.1 12.8 ± 0.6 15.0 ± 0.3 45.3 ± 2.4 Treatment TN (mg g -1 soil) Buffel grass 0.7 ± 0 0.7 ± 0 0.9 ± 0 3.5 ± 0 Buffel grass + N 0.8 ± 0 0.9 ± 0 1.1 ± 0 3.5 ± 0 Wheat 0.6 ± 0 0.7 ± 0.1 1.0 ± 0 3.6 ± 0.1 Wheat + N 0.8 ± 0 0.9 ± 0 1.1 ± 0 3.5 ± 0 Lucerne 0.8 ± 0 0.9 ± 0 1.1 ± 0 3.5 ± 0 Treatment C:N ratio Buffel grass 19.7 ± 1.5 18.1 ± 0.1 17.9 ± 0.9 12.8 ± 0.1 Buffel grass + N 15.9 ± 1.8 14.1 ± 0.6 14.1 ± 0.9 12.8 ± 0.1 Wheat 18.4 ± 1.3 20.2 ± 0.4 14.7 ± 0.5 12.6 ± 0.1 Wheat + N 14.6 ± 0.4 16.7 ± 2.4 13.2 ± 0.1 12.9 ± 0.2 Lucerne 14.9 ± 0.2 14.6 ± 0.2 13.3 ± 0. Table   Table 3 : Plant and soil physico-chemical explanatory variables used for analysis of Δy-HOC (%) with a gradient boosted machine. < 0.001*** Significance: '***' P = 0.001; '**' P = 0.01 
